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INTROD UCTION

In this tutorial we explain how to implement a rules -based application that calculates tax
returns using the notorious US tax form 1040EZ. This tutorial is written in the form of a
dialog between two people:

1 User 0 a person who wants to learn how t o write OpenRules ®-based application s
1 OR 08 arepresentative of OpenRules ® technical support who explains how to do it.

A user is not expected to be a software developer but rather a business analyst who is
familiar with Excel and who has already looked at t he OpenRul es docu
Startedd that includes sever al basic exampl e

This tutorial explain s how to use OpenRules® Decisioning approach to implement tax
calculation logic for the form 1040EZ. It does not include any GUl and  can be incorporated
in any application as a pure decision service.

There is also another tutorial that explains how to use  OpenRules® Dialog (ORD) to create
a web-based dialog during which only necessary questions are being asked, all other
answers are automatically calculate d, and a ready to go tax return in the PDF format is
being produced 0 see http://openrules.com/pdf/Tutorial.Dialog1040EZ.pdf

BUSINESS CASE

OR. We will prepare the notorious US tax form 10 40EZ used by many US taxpayers to
report on their revenue and expenses and calculate whether the taxpayer owes additional
money or can expect a refund.

User. | did not use it myself but | know how frustrated some of my colleagues were when
they tried to fill out this form themselves.

OR. There are plenty of web -based applications that help people to do it. While the form
1040EZ is supposed to be used only in simple cases, the business logic behind this form is
not so simple, especially when a taxpayer was shown as a dependent by his/her parents or
somebody else. The actual form has only 2 pages and in many cases only the first page is
needed. The second page has to be filled only when a taxpayer is shown as a dependent.
We also have to keep in mind the eligibility criteria that specify when to use this form.

User. Where can we get the form?
OR. We downloaded this form from the IRS website in 2004 and used this form to

demonstrate how to use OpenRules ®. For your convenience, the form 1040EZ is present ed
on the next two pages. We will use the tax form for 2003 as the example for our application
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0 see the Appendix below. You may download the latest 1040EZ form from

http://www.irs.gov/publ/irs -pdf/f1040ez.pdf. The instructions can be found at
http://www.irs.gov/publ/irs -pdf/i1040ez.pdf. As you can see, the form is self -explanatory
and people should be able to fill it out without external hel  p.

User. | noticed that the official 1040EZ instructions have more than 35 pages; probably it

is not so easy to cover all possible situations. However, our real OpenRules ©®-based
application is also not going to bexplammyto s
handle not just simple cases but also much more complex business scenarios.

OR. OK, we plan to build a simple decision service Decision1040EZ that implements only
the business logic of the form 1040EZ.

DECISION O BciISoON1 04 0EZ6

OR. This section will describe a methodological approach and consider different
implementation options for the above tax form 1040EZ. A ready to go application is a part
of the OpenRules ® installation 0 you can find it in the sample project dDecision1040EZ 6.

STARTING WITH DECISION

OR. We will apply a top -down development approach. It means that we will start with the
definition of a Decision and not with rules or data. We will a decision that we will call
0 Det e rTaxRatuen &

User. Sounds good to me.

OR. L e t I@ok at the first page of the Form 1040EZ. Can you list all decisions that we
should make?

User. | guess they are defined in the lines of the form.  After filling out general information
about a taxpayer we should do the following calculations:

=

Calculate Adjusted Gross Income (Line 4 by adding the content of Lines 1, 2, and 3)
Calculate Dependent Amount (Line 5 with potentially complex | ogic described on
the second page)

Calculate Taxable Income (Line 6)

Calculate Total Payments (Line 9)

Define Tax (Line 10 using the standard Tax Table)

Calculate Refund or Amount You Owe

=

=A =4 =4 =4

OR.Good. Soreadtte 6an Excel f i | e foloDimgc tabte iofothre tygel s §
dDecisiona
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Decision DetermineTaxReturn

Decisions Execute Rule Families
Calculate Adjusted Gross Income = CalculateAdjustedGrossincomea()
Calculate Dependent Amount = CalculateDependentAmount()
Calculate Taxable Income = CalculateTaxablelncome()
Calculate Total Payments = CalculateTotalPayments()
Define Tax using the standard Tax Table |:= DefineTax()
Calculate Refund = CalculateRefundAndAmountY ouOwe()

The first column of this table defines the exact names for all of the above decisions. We will
need to create decision table s for each of these decisions but at this point it is enough to
just give these decision table s exact (unigue) names 0 see the second column.

User. Can you remind me why each decision table name start s with := and ends with () ?

OR. This is necessary to inform OpenRules ® that decision table s are actually executable
methods contrary to the decisions in the first column (that are just strings).

User. Now we can start creating Excel tables fo r the Excel -based decision tables.

OR. Not so fast. If you look at the second page of the 1040EZ from you will notice some

limitation s when this form can and cannot be used. It means that before we start any
calculations we should validate if the taxpayer is eligible to use thisform .l 6 d r e c 0o mme
definin g two different decisions, one that validates a taxpayer eligibility to use this form

and another that actually does the necessary 1040EZ calculations.

User. OK, we can add another decision in a separ ate decision table:

Decision ValidateTaxReturn

Decisions Execute Rule Families

Validate = ValidateEligibility()

But how can we connect these two decisions? We should execute the first decision only
when the second one is successful.

OR. We may define a top -level decision with the following logic:
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1. Execute asub-decisiont hat validates a taxpayerds 1040
2. If ataxpayer is 1040EZ eligible
Then execute sub-decision that calculates the tax return.

Let 0s isctapilevel dedision 0 Appl y1040EZ6.
User. OK, but | did now know that decisions can have sub -decisions.
OR. Actually, you can use multiple t abl es o f Detidioadtd rgpmpesent any decision

trees just in a tabular format (that frequently is more manageable than a graphical tree).
You even can use conditions inside decision tables. Let me show you a possible solution:

Decision Apply1040EZ
Condition ActionPrint ActionExecute
1040EZ Eligible Decisions Execute
Validate = ValidateTaxReturn{decision)
Is TRUE Calculate = DetermineTaxReturn(decision)
ls FALSE Do Mot Calculate

Because we wuse an o pe haeent@ &dd & €2oconddrowt. iThe rkéywords
0Condi, toiAcntd on®@mnd nddcti onEx e cdin thedstardareé OpdnRiles n e
templ ate o0Deci 8 see thd eonfigur att e @ n f iolndempekatses. xlIs
fol der 0o0penrHaré leam.using a fdecgion. variable 60 1 0 4 (Ekgible 6 t hat | w
will add to our glossary later on (probably as an attribute to a business concept
0OTaxReturadyme |t hat deci sRenuronwal s da u kdcisioa e t
variable to TRUE or FALSE.

User.l nt erestingé And i f our validation fail s |
want to print the words o0Do Not Validated but

OR. Exactly right. Note that the decis i on 0 Val iedtautrenT@ways e lexecuted (no
conditions are defined). Also note that contrary to the  decision table s, decisions always use

a predefined parameter (decision) as defined in the template.

Now, when we are done with the definition of our decision and sub-decisions, we may
concentrate on the decision table s.
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DEFINING DECISION TABLE S

OR. The form 1040EZ gives us an opportunity to demonstrate different types of rules
starting from very simple validation decision table s, then rules that deal with differ ent
calculation formulas, and finally with quite complex rules for calculation of dependent
amount s. Letds start fovithé mamesawe ialdeady ispecifiedriruthee s
decision oValidateTaxReturno.

Validation Rules & Simple Decision Table s

User. OK. Eligibility rules are defined at the beginning of the second page of Form
1040EZ:

Form 1040EZ 2003) Pa
Use ® Your filing status 15 single or marmned filing jomntly.

this ® You (and your spouse :f married filing jointly) were under age 65 and not blind at the end of
form if 2003. If you were bomn on January 1. 1939, you are considered to be age 65 at the end of 200!

@ You do not claim any dependents.
©® Your taxable income (line 6) 15 less than $50,000.

© You do not clamm a deduction for educator expenses, the student loan interest deduction, or the
tuttion and fees deduction

® You do not claim an education credit, the retirement savings contributions credit, or the health
coverage tax credit.

® You had only wages, salaries, tips, taxable scholarship or fellowship grants, unemployment
compensation, or Alaska Permanent Fund dividends, and your taxable interest was not over
$1.500. But if you earned tips. including allocated tips, that are not included in bex 5 and box
of your W-2, you may not be able to use Form 1040EZ (see page 13). If you are plaaniag to u
Form 1040EZ for a child who received Alaska Permanent Fund dividends, see page 14,

@ You did not receive any advance eamed mcome credit payments.
| think we can automatically validate only two eligibility conditions:

1. Your taxable income (line 6) is less than $50,000
2. You taxable interest was not over $1,500

So, | can create the proper decisiontable 0 V a | iEligibittye 6 as f ol | ows:

70




OpenRules, Inc. - Decision1040EZ - Decision Model ing Tutorial

DecisionTable ValidateEligibility

Condition Condition Conclusion Message
Taxable Income | Taxable Interest 1040EZ Eligible Message
SORRY, YOU CAN NOT USE 1040EZ
== 50000 Is FALSE |FORM {your taxable income should be less

than $50,000)

SORRY, YOU CAM MOT USE 1040EZ

g 1500 s FALSE FORM (your taxable interest > $1,500)

OR. Looks good but | can see two problems here. First of all, what will happen if both
eligibility conditions are met? In other words, who w ill set the decision variable 6 1 04 0 EZ
Eligibled to TRUE?

User. It is easy to fix. | will add one more row at the end of the table that will set this
decision variable to TRUE and will even produce a message that 1040EZ ca n be used. Here
it goes.

DecisionTable Valid

Condition Condition Conclusion Message
Taxable Income | Taxable Interest 1040EZ Eligible Message
SORRY, YOU CAN MOT USE 1040EZ
»= 50000 Is FALSE |[FORM (your taxable income should be less

than $50,000)

SORRY, YOU CAN MOT USE 1040EZ

g 1500 s FALSE | EORM (your taxable interest > $1,500)

Is TRUE YOU CAM USE 1040EZ FOREM

OR. The OpenRules® engine will actually execute this decision table in the way you expect.
However, theoretically this decision table violates a requirement that the order of rules
(rows) inside a decision table should not matter. In this case itis easy to  fix the reliance on
the rule ordering by simply avoiding empty conditions as shown below.
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DecisionTable ValidateEligibility

Condition Condition Conclusion Message
Taxable Income | Taxable Interest 1040EZ Eligible Message
SORRY, YOU CAN NOT USE 1040EZ
== 50000 I= FALSE |FORM (your taxable income should be less

than $50,000)

SORRY, YOU CAN NOT USE 1040EZ

< 50000 > 1500 Is FALSE FORM {your taxable interest = §$1.500)

< 50000 <= 1500 Is TRUE YOU CAN USE 1040EZ FORM

User. | still like my initial version better because it is simpler. With your approach we
have to mention threshol dssederallplacesoVBhatdf v® wantaon d |0 :
change such thresholds? What if we have not 2 but 4 or 5 condition columns? It would be

much more difficult to maintain such  a decision table .

OR. Your arguments are well taken. In reality it is really up to a rule desig ner (or to the
c 0 mp a official spolicy) to decide how strictly to follow the methodological principles.

Let ds ke e p mantoned garlier Al noticed not one but two problems with your
decision table. Are your decision variable s OTaxahbl e I ncomed landn &
already defined by the time when you try to validate them?

User. Oh no. They are parts of the calculation logic. Let me look again at the first page of
1040EZ¢é OK, Taxable I nterest i s def i meedbyian L i
taxpayer. However, t he Taxable Income is defined in Line 6 and it should be calculated. |
am afraid we have to repeat the first 3 calculation steps before starting validation:

9 Calculate Adjusted Gross Income

9 Calculate Dependent Amount

9 Calculate Taxable Incom e (Line 6)

OR. No problem, simply addthesest eps to your decision table| 0

User. Here it goe s:
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Decision ValidateTaxReturn

Decisions Execute Rule Families
Calculate Adjusted Gross Income = CalculateAdjustedGrossincome()
Calculate Dependent Amount = CalculateDependentAmount()
Calculate Taxable Income = CalculateTaxablelncome()
Define 1040EZ Eligibility = ValidateEligibility()

But why should we repeat these steps inside both decisions? Maybe it is better to add one
more decision,s ay -®Mrce dhatGhouldbeexecut ed bef ore oValidati|eT

OR. You certainly can do tha t, and in some cases it will be the right approach. However,
| 6dt her treat our two dealiculomtse @ Vad dddwiceseaddl ya nadt

would rather minimize unnecessary dependencies. Besides, we will reuse the same
calculation decisiontables anyway. So, | e tOvelready donek t o what

Using Formulas inside Decision Table s

User. OK. Now we have to put the actual calculation logic inside  decision table s that we

already have specified within our table o0 Val i dat e T.aTheRfiest deacisiah table is

0Cal cul at e Ad|j us t. Wavdlmeed t® taltudate nhe ddecision variable 6 Adj ust|e
Gross I ncomed6 that i s specifi eWages)nLingd 2 (Taxablé a|s
Interest), and Line 3 (Unemployment Compensation). | can use a  decision table with only

one conclusion for the decision variable 6 Adj ust ed Gross | ncome6. B u

sum of different type variable s?

OR. You can get access to all ty pe variable s using predefined get -methods. For example ,
assuming that the mentioned decision variable s have real values, you may access them as:

getReal("Wages")
getReal("Taxable Interest")
getRe al("Unemployment Compensation")

OpenRules® allows you to put any formul as inside decisiontable cel | s st art 6 ngl

Also do not forget to always put your formula in parenthesis. Let me help you for the first
time:
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DecisionTable CalculateAdjustedGrossincome
Conclusion

Adjusted Gross Income

= (getReal("Wages") + getReal{"Taxable Interest”) +
getReal{"Unemployment Compensation™))

User. | got it. But even if we do not use these decision variable s as decision table columns,
we probably still have to put them in our glossary later on.

OR. Yes, that is a good point. Bef ore we jump to more compl ex
very similar decisiontable 6 Cal cul at eTot al Payment 6.

User. | t def i e sPadyThoetna ssim @fs 0OtThaex Wi t h h e ledl ldaconeen d | ¢
Credito. Here it goes.

DecisionTable CalculateTotalPayments
Conclusion

Total Payments

= (getReal{"Tax Withheld") + getReal("Earmed Income
Credit”))

OR. | am glad you did not forget parenthesis. While it would not matter in this case it is a
good practice to always put your formulas in parenthesis.

Now, let 6 s | e moeseconplexerule 6 Cal cul at eDependent, Anchaextt 6 | f
work on the decisiontable too Cal cul at eTaxabl el ncomeo6.

When Conditions and Conclusions Share Decision Variable s

OR. Decision table 0 Cal cul at eTaxabl el ncomed does noan sj|ir
interesting flavor , if the formula for Taxable Income produces a negative result we need to
set Taxable Income to 0. How would you approach this problem?

User. We may use a formula not only in a rule conclusion like we did earlier but also in its
condition. We need to consider separate cases when a Boolean expression

getReal("Adjusted Gross Income Y > get Real (ADependent Amo!l

is TRUE and when it is FALSE.
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OR. OpenRules® decisionTableExecute Te mp |l at ed i ncl udes one ,mojr ¢
0 ©ndition Any g that allows you to handle such cases . Here is how it could be done:

DecisionTable CalculateTaxablelncome

ConditionAny Conclusion
Condition Taxable Income
s True | = (getReal("Adjusted Gross Income") s | = (getReal("Adjusted Gross Income”) -
= getReal{"Dependent Amount™)) getReal{"Dependent Amount™))
= (getReal("Adjusted Gross Income”)
Is False = getReal("Dependent Amount™)) Is o

User. 1 do not like thisi mplementation 0 it seems that it calculates the same expression 3
times.

OR. You can create a special method that does it on |y once. Do you like the following
implementation more?

Method double taxablelncome()
return getReal("Adjusted Gross Income”) - getReal("Dependent Amount”);

ConditionAny Conclusion
Condition Taxable Income
Is True = (taxablelncome() = 0) Is = taxablelncome()
Is False = (taxablelncome() = 0) Is 0

User. Of course, | like this implementation more than the first one.

OR. Actually you can go further and replace the entire  decision table with the following
method:

Method void CalculateTaxablelncome()

double ti = getReal("Adjusted Gross Income”) - getReal{"Dependent Amount”);
if (ti = 0)
setReal("Taxable Income”, ti);
else
setReal("Taxable Income”, 0);
Log.info("Taxable Income: * + getReal("Taxable Income”));

In reality, OpenRules® treats decision table s as executable methods. However, while the

above Java-like implementation will work, it is not recommended for two reasons:

1) it is difficult to understand (not mentioning to modify) for business user s who usually
are not familiar with Java
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2) using Java methods you are losing the ability to automatically validate  the consistency
of your decision .

User. | think | have a betteridea. What i f we use 0T adeadohariablen c ojme
for our condition? As you said earlier, we may rely on the fact that OpenRules ® executes
rules within a decision table in the top -down order. So, | can simplify our very first
decision table as:

DecisionTable CalculateTaxablelncome

Condition Conclusion

Taxable Income Taxable Income

== (getReal{"Adjusted Gross Income”) -
getReal("Dependent Amount”))

Is Less 1] Is 1]

OR. It would be nice with one exception , the second condition that is supposed to nullify
Taxable Income when it is less than 0 would never run. The problem is that a rule table of
the type 0Deisimgementedas brl OpenRules ®single-hit table. That means as
soon as one rule is satisfied all other rules  below it will be ignored.

User. But OpenRules®also support s multi -hit tables with rule overrides.
OR.That 6s t rhit&bles é&ecute all rules for which the conditions are satisfied.

User. Can we tell OpenRules ® that we want to treat our parti cular decision table as a
multi -hit table?

OR. Yes you can. Instead of t he k @©gcisionTable 0 y oould wse the keyword
dDecisionTable1 ¢ . But in your <case it also would nfot
multi -hit tables first evaluate condit ions for all rules and only then start executing actions
for all satisfied rules. That means that changes in your decision variable s produced by any
actions within the same multi  -hit rule table would not be taken into consideration when
OpenRules®decides to execute this rule or not.

User. | dd prefer al |onyoeedsedms ® beargasonableand probably useful
in many other cases.

OR. Do not be too upset 0 OpenRules® does provide these options. If you write

doDecisionTable 26 i nst ead of DeclsienTabledy @penRues®o will do exactly
what you are looking for. It will execute all rules in the top -down order, evaluating rule
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conditions only after executing (or skipping) previous rules. So, here is another correctly
wor ki ng ver si oaldécisiontable:r o0speci

DecisionTable2 CalculateTaxablelncome

Condition Conclusion

Taxable Income Taxable Income

2= (getReal{"Adjusted Gross Income”) -
getReal("Dependent Amount”))

Is Less 0 Is 0

User. | prefer this version .

OR. No problems. Now you understand the use of different types of decision tables:
oDecisionTable 06 ¢DecisionTable 16 a n dDeasionTable 26

Letds switch t depemitemt eulesc foom phe back of the form 1040EZ . What
does the form tells us about the Dependent Amount calculation?

More Complex Decision Table s

User. Line 5 asks a question , dCan your parents (or somebody else) claim you on their
r et u if th@ answer is 0 N othen the Dependent Amount will be $7,800 if a taxpayer is

single or $15,600 if married fil ing jointly. However, i f t he answer i s o0Yes.

the second pageé

OR. OK, to start with something, | suggest we create a decision table

0Cal cul ateemDeApmrud 6 wi th the first condition o0C

How would you a ddressthe 0 s i ngloemarwsiendg fjioli ntl y6 situati gn

User. | donot think we need a separ adwenapsingiet i pn

check condition for the decision variable o Mar ri edg FObintl yao. Her e
decision table :

DecisionTable CalculateDependentAn
Condition Condition Conclusion
Claimed As Married Filing
Dependent Jointly Dependent Amount
Is FALSE ls FALSE Is 7300
Is FALSE ls TRUE Is 16600
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OR. Very good. Now we can consider all other situations described on the second page in
the case when the first condition is TRUE.

User. Here is what the second p age says:

A Amount, if any, from line 1 on front

+ 250.00  Enter total » A

B. Minmmum standard deduction . . . . . . . . . . . . . . . B. 750.00
C. Enter the larger of line AorlmeBhere . . . . . . . . . . . C.
D. Maximum standard deduction. If single, enter $4.750; 1f married

filing jointly, enter $9.500 . . . . . . . . . . . . . . . . D.
E. Enter the smaller of line C or line D here. This 1s your standard

deduction . . . . . . . .. .. ... ... ......E
F. Exemption amount. \

@ If sigle, enter -0-.

® If married filing jomntly and— \ F.
—both you and your spouse can be claimed as dependents, enter -0-.
—only one of you can be claimed as a dependent, enter $3.050.

G. Add lines E and F. Enter the total here and on line 5 on the front . . G.

So, we need to calculate all Lines from A to F and then define the decision variable
0Dependent Amounto6 (also Line G) as a sum of
Lines A, B, C, D, E, and F and then we consider additional ¢  onditions when we need them.
OR. Sounds like a good plan. Go for it.

User. OK, let me go line by line.

Line A can be calculated using the formula ::=(g et Real (AWageso) + 250

Line B is always a constant: 750.
Line C requires a maximum of Line A and Lin e B. Should | add conditions like A>B?

OR. Actually you do not have to. In your formula you can simply write:
0= Math. max( getReal (ALine AO0), get Rea

Here we are using the standard Java method Math.max(x,y) that provide a maximum
between x and y.
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User. Nice! | like that OpenRules © allows us to use any standard Java method inside rules
without any additional configuration.

Letds |l ook at Line D. We aldecsiandvgriabfieaovMa rar idegdn df i
J oi ntSo, ¥ ihis FALSE we will use the constant 4,750, and if it is TRUE we will use
9,500.

Line E is very similar to Line C but it deals with a minimum of two numbers. Probably |
can use a similar formula:

> = Math. min( getReal (AiLine C0), get Rea

OR. Perfect. Now | e t vadlsateeline F.

User. Here we have two sub -conditions when the decision variable dMarried Fili ng Joi n
is TRUE:

- both you and your spouse can be claimed as dependents , or
- only one of you can be claimed as a dependent.

We already have the decision variable for (I was) 6 Cl ai med As Daevpwe cahe n
define a new decision variable (my) 0 Spouse Cl ai med 6 Asande xem
different combinations of these two decision variab les. Right?

Wait a minute! If | am already work ing with the worksheet for dependents it means the
decision variable 0 CI ai med As iDalrpagynTiREE It 6also means that the first
sub-condition should simple checkif 0 Spouse Cl ai med IARUEand ther d e
second oned if itis FALSE. Why does Form 1040EZ ask a question in such a complicated
form when th ey already know the answer?

OR. You are certainly pointing to a problem in probably one of the most used IRS form s,
and in spite all attempt s by the IRS to keep it as simple as possible they still made a
mistake.

User. Maybe they should try to do what w e are doing. Anyway, | think | am ready to
extend my previous table . 1t6 s b e cwemniwidey it looks better in the Excel file, but
here it is in a slightly compressed form:
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DecisionTable CalculateDependentAmount

Condition Condition Condition Then Then Then Then Then Then Conclusion

Elammcnd A= [Maried Filig | E e
E Claimed As Line A Line B Line C Line D Line E Line F| Dependent Amount
Dependent Jointly
Dependent
Is | FALSE |Is| FALSE Is 7800
Is | FALSE |Is| TRUE Is 15600
Is | TRUE |Is| FALSE 4750 0 Is
= 2= Math.max( = Math.min( o=
Is| TRUE |Is TRUE ls | TRUE |getReal("Wages"| 750 | getReal("Line A"), getReal("Line C"), 0 Is | (getReal("Line E") +
)+ 500 getReal("Line B")) | 9500 getReal("Line D)) getReal("Line F"))

Is| TRUE |Is| TRUE Is | FALSE 3050 |Is

OR.Let 0 s cwhitenvdl korkh The rule 3 covers a situation when a taxpayer is claimed

as a dependent but s he/he is single (or at least did not file jointly with his/her spouse). Yes,
your Line D wildl be 4750 and Line F wil lhatbe
when a taxpayer is claimed as a dependent, married fil ing jointly is TRUE , and the spouse

is also claimed as a dependent, the n Line D will be 9500 and Line F will be 0. And finally

the last rule is similar to a previous rule but covers the case when on ly the main taxpayer

can be claimed as a dependent. In this case while Line D should stay the same, Line F
should show 3050. It seems that this is a good representation of a complex set of
conditions . | also like the way how you merge d cells for the same values to avoid repeating

the same formulas and values.

DEFINING A BUSINESS GLOSSARY

OR. So, letd driefly summarize what we 6 v e a accoeplishgd. We started with
decisions and they led us to specification s of different decision table s. Inside the decision
tables we freely introduced different decision variable s assuming that they are somehow
defined. Now, when we have all of the decision table s in place, it is time to actually define
our decision variable s. To do this we simply need to put all the decision variable s in a
Glossary table that has the following structure:

Glossary glossary

Variable Business Concept Attribute Domain

The first column will simply list all decision variable s using exactly the same name that

we used inside the decision tables. Then we have to associate different decision variable s
with different busine ss concepts. It seems in our case we need use only one business
concept oO0Tax Ret ur nsall d the inputsdecisiort variabtecs,| like dMages or
Married Filing Jointly, all intermediate decision variable s such as Dependent Amount,

and two output decision variable s Return and Amount You Owe .
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User. OK, here is the glossary table with the first two columns filled out:

Glossary glossary

Variable Business Concept
1040EZ Eligible
Married Filing Jointhy

Claimed As Dependent

Spouse Claimed As Dependent

VWages

Taxable Interest

Unemployment Compensation

Adjusted Gross Income

Dependent Amount
Line A

Line B

Line C

Line O

Line E

Line F

Taxable Income
Tax Withheld

Earmned Income Credit

Tax Return

Total Payments

Tax
Refund

Amount You Owe

OR. Good, | hope you did not forget any previously mentioned decision variable . But even
if you did OpenRules ® will point us to such errors . It is good that you merged all rows in
the second column showing that all decision variable s belong to the concept Tax Return.
Now we need to fill out the remainingtwo c ol umns . The ¢ ®l ucnonnt @A t
0Ot echni cal decisiomvaraBle safthese names will be used to connect our decision
variable s with attributes of objects used by actual applications that will use our decision
OAppl y1O0®e apaidation objects could be defined in Java, in Excel tables (like we
will do in the next section), in XML, etc. The dec ision does not have to know about it, the
only requirement is that the attribute names should follow the  usual haming convention
for identification in language s like Java, it basically means no spaces allowed. The last
col umn oDomai no i anbeuyseafulto specify whiahtvaluéstare allowed to be
used for different decision variable s. In our case the first 4 decision variable s are Boolean,
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so we may define their domai ndeason ariadsEre reelAL S E

numbers. Here is our final glo ssary:

Glossary glossary

Spouse Claimed As Dependent

Wages

Taxable Interest

Unemployment Compensation

Adjusted Gross Income

Dependent Amount

Line A

Line B

Line C

Ling D

Line E

Line F

Taxable Income

Tax Withheld

Earned Income Credit

Total Payments

Tax

Refund

Amount You Owe

Tax Return

Variable Business Concept Attribute Domain
1040EZ Eligible eligible TRUE FALSE
Married Filing Jointly marriedFilingJointly TRUE,FALSE
Claimed As Dependent claimedAsDependent TRUE,FALSE

spouseClaimedAsDependent  |TRUE,FALSE

wages

taxablelnterast

unemploymentCompensation

adjustedGrossincome

dependentAmount

dependentLines

dependentLineB

dependentLineC

dependentLineD

dependentLineE

dependentLineF

taxablelncome

taxWithheld

earmedincomeCredit

totalPayments

tax

refund

amountYouOwe

Do not forget that all columns in the very first row should be merged.

User. OK, but how will

OR. We may assume that the actual Tax Return will be

we associate our Tax Return with ac tual tax returns?

put in our decision under the

name x®te a ulereds a table De cisionObject that associates our business concept Tax
Return with a Java object that we may get from the decision:

DecisionObject decisionObjects
Business Concept

Business Object

= decision.get{"taxReturn")

Tax Return

an actual Java application ?I
how to create a

User. But can we test our decision before we integrate it with

donotknow (and ldonot want to know) J 8
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OR. Yes, we can define our own test data directly in Excel using  OpenRules® Datatype and
Data tables.

DEFINING TEST DATAIN EXCEL
OR. First, we define aDat at VapRetumo :

Datatype TaxReturn

boolean eligible

boolean marriedFilingJointhy
boolean claimedAsDependent
boolean spouseClaimedAsDependent
double wages

double taxablelnterest
double unemploymentCompensation
double adjustedGrossincome
double dependentAmount
double dependentLineA
double dependentLineB
double dependentLinelC
double dependentLineD
double dependentLineE
double dependentLineF
double taxablelncome
double taxWithheld

double earnedlncomeCredit
double totalPayments
double tax

double refund

double amountY ouOwe

Please note that we use exactly the same attribute names as in out glossary. You can use
the following types for your attributes:

9 String 6 for text attributes
9 int O for integer numbers
91 Boolean o for Boolean attributes
1 double 6 for real numbers
i Date o for dates
By the way they correspond to the standard Java types and are case -sensitive.

Now we will create several test instances of the type TaxR eturn :
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eligible Eligible FALSE FALSE
marriedFilingJointly MarriedFilingJointly TRUE TRUE
claimedAsDependent claimedAsDependent TRUE TRUE
spouseClaimedAsDependent |spouseClaimedAsDependent TRUE TRUE
wages wages 32026 82026
taxablelnterest taxablelnterest 1450 1450
unemploymentCompensation|unemploymentCompensation 0 0
adjustedGrossincome adjustedGrossincome 0 0
dependentAmount dependentAmount 0 0
dependentLineA dependentLinef 0 0
dependentLineB dependentLineB 0 0
dependentLineC dependentLineC 0 0
dependentLineD dependentLineD 0 ]
dependentLineE dependentlLineE 0 0
dependentLineF dependentlLineF 0 0
taxablelncome taxablelncome 0 0
tax\Withheld taxWithheld 4530 4530
earnedincomeCredit earnedincomeCredit 300 300
totalPayments totalPayments 0 0
tax tax 0 0
refund refund 0 0
amountYouOwe amountYouQwe 0 0

To make a test instance available for any Java code that i
decision, we wild/l add a simpl e
(with index 0).

s going to be used for testing our
me t hsotest instgneet T a x |

Method TaxReturn getTaxReturn()
return taxReturns[0];

User. | see how you created a new Datatype TaxReturn and two test cases. | can  make
more test casesby si mply adding more columns to thel 1
sure why we are going to use this method 0get T

OR. In many cases you do not need such methods and can directly connect your Excel -
based test cases with your decision ( see how it was done in examples described in the
document 0Getting Started ¢. However, here | also want ed to demonstrate to you how to
organize a more sophisticated interface between an Excel-based decision and the Java
program that will execute it.
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DECISION EXECUTI ON

Now we are ready to execute the defined decision against the above test data.
i ncl ud e s launbher fof aud decsioni .n g

0Dei@ind 040EZO

public class Main {

public  static

engine.log(
decision.put(

- Decision1040EZ - Decision Model ing Tutorial

The project
Java

void main(String[] args) {
String fileName =
OpenRulesEngine engine =
Decision decision =
DynamicObject taxRet
(DynamicObject) engine.run(

"file:rules/main/Decision.xIs" :
new OpenRulesEngine(fileName);
new Decision( "Applyl040EZ" ,engine);
urn =

"getTaxReturn" );

\'n" + taxReturn);

JtaxReturn);

"=== INPUT:
"taxReturn"

decision.execute();

engine.log(

Thi s code fi
oOpenRulesengined b as e d
orul es/ mainéd).

Then the engine reads our test data using the above

rst

"=== OUTPUT: \ n" + taxReturn);

cremgiesedanofi nsheancset amear d
on our mai n E x ¢ @lacedfin theefoldérD e c i
't allsyl@C4@BZI®sbasadkcorsitomi © AP

met hod oO0get TaxReturnoé

Dynami cObj ect ,aodpantsk eut as amIMPUT. When we run the code itwi I

print out test data as follows:

=== INPUT:

TaxReturn(id=0) {
adjustedGrossincome=0.0
amountYouOwe=0.0
claimedAsDependent=tr
dependentAmount=0.0
dependentLineA=0.0
dependentLineB=0.0
dependentLineC=0.0
dependentLineD=0.0
dependentLineE=0.0
dependentLineF=0.0
earnedincomeCredit=300
eligible=false
marriedFilingJointly=true
refund=0.0

ue

spouseClaimedAsDependent=true

tax=0.0
taxWithheld=4,530
taxablelncome=0.0
taxablelnterest=1,450
totalPayments=0.0
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unemploymentCompensation=0.0
wages=32,026
}

Thenitaddstheobject taxReturndé to the decision,
decision.put( "taxReturn" taxReturn);

and executes the decision:
decision.execute();

During the execution the f ollowing trace will be produced.

*** Decision Applyl040EZ ***

Decision has been initialized

Decision Apply1l040EZ: Validate
Decision ValidateTaxReturn: Calculate Adjusted Gross Income
Conclusion:  Adjusted Gross Income Is 33476.0
Decision ValidateTaxReturn: Calculate Dependent Amount
Line A := 32026.0500

Line B := 750

Line C := 32026.05

Line D := 9500

Line E := 9500.0

Line F:=0

Conclusion: Dependent Amount Is 9500.0

Decision ValidateTaxReturn: Cal culate Taxable Income

Conclusion: Taxable Income Is 23976.0
Decision ValidateTaxReturn: Define 1040EZ Eligibility
Conclusion: 1040EZ Eligible Is true
YOU CAN USE 1040EZ FORM from ValidateEligibility
Decision Apply1040EZ: Calculate
Decision DetermineTaxRetu rn: Calculate Adjusted Gross Income
Conclusion: Adjusted Gross Income Is 33476.0
Decision DetermineTaxReturn: Calculate Dependent Amount
Line A := 32026.0500

Line B := 750

Line C := 32026.05
Line D := 9500
Line E := 9500.0
Line F:=0

Conclusion: Dependent ~ Amount Is 9500.0

Decision DetermineTaxReturn: Calculate Taxable Income

Conclusion: Taxable Income Is 23976.0

Decision DetermineTaxReturn: Calculate Total Payments

Conclusion: Total Payments Is 4830.0

Decision DetermineTaxReturn: Define Tax using the stand ard Tax Table
Decision DetermineTaxReturn: Calculate Refund

Conclusion: Refund Is 1934.0

Conclusion: Amount You Owe Is 0
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And finally , this code will print a modifiedtest obj ect 0t axReturndé as &

=== QUTPUT:

TaxReturn(id=0) {
adjustedGrossinc ome=33,476
amountYouOwe=0.0
claimedAsDependent=true
dependentAmount=9,500
dependentLineA=32,026.05
dependentLineB=750
dependentLineC=32,026.05
dependentLineD=9,500
dependentLineE=9,500
dependentLineF=0.0
earnedincomeCredit=300
eligibl  e=true
marriedFilingJointly=true
refund=1,934
spouseClaimedAsDependent=true
tax=2,896
taxWithheld=4,530
taxablelncome=23,976
taxablelnterest=1,450
totalPayments=4,830
unemploymentCompensation=0.0
wages=32,026

}

When you decide to pass your already well -tested decision to your IT people, they will
simply replace theobj ect Ot axReturné with real Java ol
TaxReturn . The only integration requirement i s that the names of attributes i n their
classes should be the same as in our Glossary. An i mportant point is that your IT guys do
not have to even look at your decision and decision tables.

This completes the decision part of our tutorial.

User. This decision was not as simple as theex amp|l es f r oS ad Getdtdi rbgut
me many more choices that | can use in real -world decision. Thank you.

OR. You are welcome. You can find many more details in the User Manual . You also may
consider a completely opposite approach to the 1040EZ implementation using OpenRules @
Dialog or ORD E 8 see http://openrules.com/pdf/Tutorial.Dialog1040EZ.pdf
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APPENDIX . FORM 1040EZ
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Dizparmeent of the Treasury—Intema] Feveme Service

Form Income Tax Return for Single and
1040EZ Joint Filers With No Dependents s 2003 OME No. 15450875
e ‘Your First rama and initial Last nama .'i Your soclal securlty number
Label | ; :
[Sea page 12.) g If a jeint raturn, spousa’s frst name and initial Last nama i Spouse’s soclal security number
Use the IRS | E i -
IO&[?EL . L Home sddress (nomber and sireedl. F you have a PO, box, ses page 12, Apt. no. ‘ | ‘
nerise, H
please print | E Important.
or type. E City, town or post offica, stats, and ZIP coda. B you hava a forsign addrass, see page 12. You must enter your
S5M(=) above.
Presidential
Election - = T - - - - You Spouse
Campaizn Note, Checking “Yes™ will not change vour tax or reduce vour refind. B
(page 12} Do vou, or vour spouse if a joint refmm, want 53 fo go to this fumd? . . - . . . Yes No L1Y¥es L INo
1 Wages, salames, and tips. This should be shown m bex 1 of your Form(s) We2.
Income Attach your Form(s) Wo2. 1
Attach
Egrr:l{'s} w-2 2 Taxable interest. If the total iz over $1.300, you cannot use Form 1040EZ. 2
Enclose, but 3 Unemplovment compensation and Alaska Permanent Fund dividends
do not attach, (see paze 14). 3
any payment.
4 Add lines 1, 2, and 3. This 15 vouwr adjusted gross income. 4
Note. You £ Can your parents (or scmecne 2lsa) claim vou on their ratum?
mustl check 1 Ye:. Enter ammmt from No. If single, enter £7 800,
Yes or N worksheet on back. If married filing jointly, enter 515 600,
s ar Mo See back for explanation. 5
6 Subtract line 5 from Ime 4. If Iime 5 15 larger than line 4, enter -(-.
This 15 vowr taxable income, > ]
Payments ) ) — -
and tax Faderal meome tax withheld from box 2 of vour Formis) W-2. 7
5 Earned income credit (EIC). B
9 Add lines 7 and 3. These are vouwr total payments. = =
10 Tax. Use the amount on line 6 above to find vour tax in the tax table on pagas
2428 of the booklet. Then, enter the tax from the table on this lme. 10
Refund o . . - o .
Have it diractly 11a If line 9 is larger than line 10, subtract line 10 from line 9. This s your refund. > lla
depasited! Se=
Pﬂgﬁt:l' 91 ?ﬂd fil p b Routing number | | | | | | | | | | » ¢ Type: | Checking Savings
n c,
and 11d.
» d Accomtmumber || | | [ [ [ [T [[[[T[[T]]
Amount 12 Flme 10 15 larger than line &, subtract line @ from line 10. Thus 15
you owe the amount you owe, For details on how to pay, see page 20. > 12
H Do you want to allow ancther person to discuss this return with the IRS (ses page 2077 Yes, Complete the following. e
Third party
i Designes's Prione Parsonal Identification
demgnee rame e [ 1 number PIN) h|:|
Sian Under penalies of perjury, | declare that | have sxamined this retum, and o the bast of my knowledge and belel, It s e, comect, and
g accurately 1sts all amounts and sources of Income | recelved during the tax year. Declaration of praparsr (other than the taxpayer) 13 bassd
here on all Infarmatisn of which the preparer has any knowledge.
PO — Your skjnature Db Your occupation Daytime phone number
Sae page 11, i ]
Kﬁjrmpf Spouse’s signature, If a Joint return, both must sign. Date Spousa’s cooupation
records,
Paid Freparer's Duate Check It Preparer's S5M or PTIN
reparer’s signaturs salf-employed
P P | Flrrn'e.”mrrlure for " ’ EIN
yours I saif-amployed),
use on Y address, and ZIP code Frhiore no. | !
For Disclosure, Privacy Act, and Paperwork Reduction Act Nofice, see page 23. Cat Ma. 11320W Form TO40EZ 200y
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Page £

Use
this
form if

#® Your filing status is single or married filing jointly.

#® You (and your spouse if married filing jointly) were under age 63 and not blind at the end of
2003, If you were born on Janvary 1. 1939, you are considered to be age 65 at the end of 2003,

#® You do not claim any dependents.

® Your taxable income (line &) i3 less than 550,000

#® You do not claim a deduction for educator expenses, the student loan interest deduction, or the

tuition and fees deduction.
#® You do not claim an education credit, the retirement savings contributions credit, or the health

coverage tax credit.

#® ou had only wages, salaries, tips, taxable scholarship or fellowship grants, vnemployment
compensaticn, or Alaska Permanent Fund dividends, and your taxable interest was not over
$1.500. But if vou earned tips, including allocated tips, that are not included in box 3 and box 7
of your W-2, you may not be able to use Form 1040EZ (see page 13). If vou are planning to use
Form 1040EZ for a child who received Alaska Permanent Fund dividends, see page 14.

#® Yon did not receive any advance earned income credit payments.

If you are not sure about your filing status, see page 11. If yvou have questions about dependents, use

TeleTax topic 334 (see page 6). If yvou cannot use this form, use TeleTax topic 332 (see page 6).

Filling in
your
return

For tips oa how

to avold common
mistakes, see

If you received a scholarship or fellowship grant or tax-exempt interest income, such as on
municipal bonds, see the booklet before filling in the form. Also, see the bocklet if vou received a
Form 1099.INT showing Federal income tax withheld or if Federal income tax was withheld from
vour unemployment compensation or Alaska Permanent Fund dividends.

Remember, you must report all wages, salaries, and tips even if you do not get a Form W-2 from
yvour employer You must also report all your taxable interest, including interest from banks, savings
and loans, credit unions, etc., even if you do not get a Form 1099-TNT.

page 21.

Worksheet Use this worksheet to figure the amount to eater on line 5 if someone can claim you (or your

for spouse if married filing jointly) as a dependent, even if that person cheoses not to do so. To find
dEPEI’IdEﬂtS out if somecne can claim you as a dependent. use TeleTax topic 354 (see page 6).

who A, Amount, if any, from hine 1 on front

checked + 25000 Eptertotal® A
"Ves" B. Minimum standard dedwetten . . _ . . . . _ _ . . _ _ . . B. 750.00
|in§55 on C. Eater the larger of line A or line Bhere . . . _ . . . . _ . . C.

(keep a copy for
vour records)

D. Maximum standard deduction. If single, enter $4,730; if married
filing jointly, enter 39500 . . . _ . . . . . . . . . . . D,

E. Enter the smaller of line C or line D here. This is your standard
dedoction - . . . . - . . . . - . . . . . . .. ... .E.

F. Exemption amount.
® If single, enter -0-.
® If married filing jointly and— F.
—both you and yow spouse can be claimed as dependents, enter -0-.
—only one of you can be claimed as a dependent, enter $3,030.

G. Add lines E and F Enter the total here and on line 5 on the front . . G.
If vou checked “No™ on line 5 because no one can claim you (or your spouse if mamied filing
jointly) as a dependent, enter on line 5 the amount shown below that applies to you.
® Single enter $7,800. This is the total of your standard deduction ($4,750) and your exemption
(83.050).
® Magried filing jointly, enter $15,600. This is the total of vour standard deduction ($9,300), your
exemption ($3,050), and your spouse’s exemption (53,050).

Mailing
return

Mail your retuzn by April 15, 2004, Use the emvelope that came with yow booklet. If yvou do not
have that envelope or if you moved during the year, see the back cover for the address to use.
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